This research tries to investigate, in the current condition of the Italian real estate market, the economic advantage of investing in energy retrofitting of existing buildings or in expenditure aimed at obtaining higher energy performances in the construction phase of new buildings. A cost-benefit analysis is developed referring to the construction industry entrepreneur. Firstly, the increase in value due to a different measurement of the energy performance of new buildings or newly redeveloped residential buildings is achieved through an innovative statistical approach. Energy performance is measured by taking as a reference the category of energy certification, as required by European legislation. In the estimate of the contribution, the measurement of energy performance, expressed on an ordinal scale, is treated as a categorical variable in the implementation of an iterative regression model, called the alternating least squares model. Afterwards, this contribution is compared to the cost of sustainable building, trying to define a percentage increase in cost compared to a minimum condition according to different and increasing levels of energy performance. In the developed case studies, the comparison between likely benefits and investment spending showed that the entrepreneur would have no convenience at an expense for energy retrofitting while obtaining a positive balance in the construction phase of new buildings. The financial advantage grows if the investment is aimed at achieving the best energy performance and in areas where the price level of the real estate market is lower. The finding can be used as a guide for construction industry investors to make decisions in energy-efficient residential buildings production or transformation.
Introduction
Cities are among the main emissive sources of pollutants on Earth. Therefore, it is logical to think of actions needed to reduce this phenomenon by acting on one of the main sectors of energy consumption, private building. Energy improvement of the building stock, in addition to generating a direct economic benefit for people's pockets, would produce greater energy security for the nation and would help to achieve the reduction target in CO 2 emissions.
Behind the huge energy consumption of the residential sector, there is indeed much waste. Looking in particular at Italy (source ISTAT 2011), over 65% of the 12 million existing residential buildings were built more than 40 years ago before a law on the energy performance in the building of new buildings or those being transformed, measuring the marginal contribution to the price of residential property units, and subtracting from it the additional cost to realize such performances.
This paper aims to quantify the energy quality (performance) that, expressed on an ordinal scale, is treated as a categorical variable in a regression model implemented on purchase and sale prices. This contribution is compared to the cost of sustainable building production, trying to define a percentage increase in cost compared to a basic condition (minimum performance) in relation to the different and increasing levels of energy quality.
The paper is organized as follows. First of all, the methodology is described. Then, the models to calculate the marginal contribution to the price of the different energy performance of the building have been elaborated and applied to different case studies. In the same cases, the cost to achieve these performances has been estimated. Therefore, the results of the economic comparison are presented and discussed.
Finally, an overview of the work and its implications for the construction industry are explained.
Literature Review
The measurement is performed according to the scale of the energy performance of buildings required by Italian legislation. The latter has implemented the European Commission directive on "Energy Performance of Building (EPBD 2002/91/EC, recast in 2010/21/EU, 2018/844/UE). The EU Directive (EPBD) obliges real estate owners willing to sell or lease a property to obtain an EPC. There are numerous studies in literature [33] [34] [35] [36] [37] [38] that have tried to evaluate the financial implications of energy labels in real estate market.
While most of the other studies employed a hedonic model to estimate the effect of EPC ratings on house prices [39] [40] [41] [42] , Brounen and Kok [4] and Robinson and Sanderford [43] use a logit regression model to explore the effects of the adoption of certificates in the real estate market, showing a positive correlation between sale prices and the highest categories of energy performance certificates.
Hyland et al. [9] show that the building's energy efficiency has a significantly stronger positive effect in the real estate sales segment rather than in the rental market. In addition, authors have also highlighted the difference in the effect of energy efficiency in different market conditions, finding that the effect of the energy rating is generally stronger when the market conditions are worse. Das and Wiley [44] also come to similar conclusions; they report that the price premiums for sustainable building certification are dynamic and anti-cyclical. Robinson and McAllister [45] find there is a difference in price premiums between the different categories of properties. In particular, they report that the segment of buildings of higher value shows no price premium, while lower value categories do. They justify this evidence on the office real estate market by assuming that the concentrated offer of eco-labeled offices in large and high-quality buildings probably contributes to this phenomenon.
Adan and Fuerst provide similar indications regarding the residential market [46] . They show that where housing prices are low, energy efficiency measures produce an increase in the value of real estate compared to what happens in richer territorial contexts. According to the authors, this phenomenon is due to the greater potential gains from energy savings for lower-income households.
Methodology
In this study, the approach used to estimate the marginal contribution deriving from a different energy qualification of the building to the price of residential properties is originally compared to those used by the research in the literature.
In estimating this contribution, the measurement of energy quality, expressed on an ordinal scale (energy performance) is treated as a categorical variable in the implementation of a regression model. All the ordinal variables, used in the price function to describe the properties of the sample, were treated in the same way. This contribution is compared to the cost of sustainable building construction, trying to define a percentage increase in cost compared to a basic condition (minimum performance) according to the different and increasing levels of energy quality.
In the elaboration of mathematical-statistical models, such as regression, the use of variables not directly comparable with each other, as expressed on different measurement scales (cardinal and ordinal), is a problem that is often ignored. The ordinal scale makes it possible to measure the degrees of difference (i.e., "plus" or "minus") but not the specific quantity of the differences (that is, how much "more" or "less"). The ordinal scale is, therefore, only a classification of preferences, just an order, and if the data is not adequately treated in the mathematical elaboration, the result can be distorted. In these circumstances, therefore, it is necessary to define a criterion for converting the ordinal measure to a metric scale, i.e., for transforming the data into quantitative measurements, graduated over the whole space of real numbers. This operation, called scaling, allows the assignment of numerical quantifications to the categories of ordinal variables to which metric properties are thus assigned. This makes it possible to use the standard statistical procedures correctly. However, the interpretation of the results obtained varies according to the technique used for scaling [47] .
A simple scaling technique is the so-called "direct quantification" (classical scaling [48] ) which hypothesizes that the modalities of a qualitative character are at the same distance. In this case, the transformation of the ordinal type judgment takes place on an equivalence scale, such as (1) Excellent; (2) Very good; (3); Good; (4) Poor; (5) Worst. This scaling mode is common in real estate estimates using regression techniques; for example the case of the evaluation of features such as brightness, view, quality of the finishes, level of maintenance, etc. [49] .
The attribution of a metric measure in these cases assumes the essential hypothesis that there is equidistance between the categories. However, this hypothesis is not respected in many cases and this can lead to inconsistent results [50] . There are more sophisticated techniques of classical scaling that can provide new scores for ordinal measurements. The most used are the monotone regression of Kruskal [51] , the scale models of evaluation in the Rasch analysis [52] and the psychometric approach of Thurstone [53] . Other approaches are those proposed by Guttman [54] , Fisher [55] and Hayashi [56] . In recent years, the Data Theory Group of the Dutch University of Leiden has collected several optimal scaling techniques, available in the literature, in a single reference framework called the Gifi System [57] . The algorithm used in this work for the scaling (optimal) of qualitative variables uses an iterative method called alternating least squares (ALS) method. ALS are algorithms created with the aim of extending the techniques developed for the study of the relationships between quantitative variables in the multivariate analysis to qualitative data. They are based on the minimization of a loss function, with which the goodness of fit (distance) between the quantifications of the item categories and one or more latent/underlying variables (dimensions not directly observable) that represent the concept of interest is evaluated. Loss function is defined according to two parameters: one represents the parameter of the model to be developed (in this case the variable explained), while the other is the scaling vector for the qualitative variables (predictors).
The ALS are characterized by the alternation of two steps: the first one optimizes the scaling parameter, keeping the other fixed. In the second, however, the quantification of the response variable obtained in the previous step is fixed and the function is minimized with respect to the other parameter; the scaling levels and the regression coefficients are updated (one variable at a time). The steps are alternated until convergence. The updated quantifications are used to find a new solution, which is used in order to update the quantifications, and so on in an iterative way, until it converges towards a criterion (minimum error) that indicates the end of the process. The result provides the graphical representations of the quantifications, for each qualitative variable. The distinction between the different algorithms is due not only to the developing method, but also to the type of variables on which these algorithms are applicable. Within the ALS, the most used algorithms in literature are PRINCALS, HOMALS [58] , MORALS [59] , spline transformations [60] [61] [62] , projection pursuit regression [63] , ACE [64] , and GAIM [65] . This study, which represents the first work in literature that employs this different approach for estimating the hedonic price of a real estate feature, uses in particular the MURALS algorithm [66, 67] implemented in SPSS Categories.
Once the value differential, deriving from a different and better energy qualification, is estimated, it is compared to the cost of sustainable building production (understood as retrofitting or new construction), trying, even with regard to this aspect, to define a percentage increase cost measured starting from a basic condition (minimum EPC) and according to the different and increasing level of energy performance.
The Marginal Price of Energy Performance of a Building

The Data
The data derived from three different samples were processed, all containing information on properties for residential use, recently bought and sold, whose price and features are known. The first two samples belong to two different areas of the city of Bari (Puglia, Italy): the center and the suburban area (zones 1 and 4 of the zoning performed by the Real Estate Market Observatory of the Revenue Agency). These real estate units have the same geographical and economic context.
The third sample consists of buildings in Acri, a small city in the province of Cosenza (Calabria, Italy) with about 21,000 residents. The sample was taken in a district of the city where the buildings have a level playing field for what concerns the geographical and economic context. The building typology refers to reinforced concrete multi-storey buildings built over a longer period. This was taken into account in the estimative analysis considering the variable "age of the building" which is also considered a proxy variable of the maintenance status.
The number of data for the first sample (Central area of the city of Bari) consists of 101 real estate units, the second (suburban area of Bari) of 43 and the third (Acri) of 39.
In addition to the price, a series of variables were identified for each unit that, compared to the reference context, were initially deductively selected from those that best represent the mechanisms for real estate value formation. This choice is in line with Bourassa et al. (2003), who conclude that it is probably unhelpful to employ excessively elaborate statistical methods, underscoring the importance of the practical knowledge of real estate agents. Subsequently, the predictive variables were reduced to those statistically significant after a first elaboration conducted through linear regression on scaled variables with the classical scaling method (hypothesis of equidistance between scores).
The regression in the categories module does not use the constant term. This parameter takes into account any systematic but constant tendency in Y not explained by the variables. This limit does not allow immediate comparison with a standard regression model that works with quantitative variables and uses the constant term. Because of this condition, the module does not accept the assignment of scores equal to 0 even for numerical variables.
For the first sample (central Bari) the variables used are: -Surface, (numerical variable expressed in square meters); -Bathrooms (numeric variable 1-2); once the number of bathrooms in the apartment is defined, this number has been divided by the square meters of the surface; the following ordinal score has been attributed to this ratio: if less than 0.011 = 1 if greater than 0.011 = 2. The idea is that the number of bathrooms in ordinary conditions is proportional to the internal surface (if bigger than 90 square meters at least 2 toilets are required); if the coefficient is below that limit, it means that the unit has a lower endowment than ordinary condition; - All the high real estate properties not considered in the estimate analysis are either coeteris paribus or not relevant for buyers and sellers and, therefore, do not come under the definition of the selling price.
Data Analysis
The three detected samples are presented through the tables of descriptive sample statistics (Tables 1-3) . The real estate data were processed through categorical regression and provided the results shown in the tables below (Tables 4-6 ). In the categorical regression, variables considered as ordinals determine the generation of a transformation graph that represents a piecewise monotonic function. Transformation plots illustrate the relationship between the quantifications and the original categories resulting from the optimal scaling level. Although not statistically significant for some of the variables, the results obtained are comforting under the evaluation profile. In fact, the marginal prices of the real estate features are in line with the market evidence and in particular the energy performance variable. Therefore, the study has a more interpretative character of the property market. The determination index is higher in the samples from the city of Bari but not very significant for the city of Acri. Therefore, the model built on the two samples detected in the city of Bari assumes a greater predictive character than that of the city of Acri.
The Figures 1-3 show the transformation graphs related to the energy performance variable. The quantification of the variable is expressed as a percentage: the percentage change in the market value of the property is measured in the transition from one energy performance to other. 
Discussion
Comparing the results, first of all it is evident that when the average value of the housing unit increases, the variation of this value determined by a better energy performance decrease (both in percentage and in absolute terms). This confirms what is highlighted in other studies already cited [41, 49] . This observation is validated by the fact that in the most valuable areas (for example the center compared to the suburbs), the processes that regulate the formation of value involve localization aspects in an important way, thus placing other characteristics, such as energy efficiency, on a secondary level. Another reason can be probably traced to the fact that the buildings with the best energy performance are those built more recently, generally located in new peripheral suburban areas, rather than in the saturated central areas. The graphs also show the perfect analogy of the piecewise monotonic function that characterizes the marginal contributions to the market value resulting from the different energy performance for Sample 1 (center of Bari) and Sample 3 (Acri). For both, an initial increase in value marks the transition from the last class G to the class F. The value increases by a minimum percentage in the transition from class F to the next and then remain unchanged up to class C. There is also a slight increase in value in the transition from C to B, while the last jump (from B to A) is what the market evaluates as the most important. The elaboration carried out on the periphery of Bari partially confirms this dynamic; in fact, it shows an exponential growth of the marginal contribution.
Cost Estimations
The estimation of cost differential to produce an energy efficient buildings or to transform existing buildings into NZEB (nearly zero energy building) with low or near-zero energy consumption, derives from the synthesis of researches and investigations developed by organizations, companies and associations active in the building production field or in general in sustainable economic development.
Dwaikat and Ali [68] report a detailed summary of the literature on cost comparative analysis of green buildings against similar non-green buildings. Results of 17 empirical studies show a significant gap in the quantified cost premium range. Among this research, the only one that examines residential buildings is the study of Kim et al. [69] , which show that the incorporation of green systems causes the construction costs to increase by 10.77% more than traditional building.
As regards Italy, ENEA (National Agency for New Technologies, Energy and Sustainable Economic Development) with 2016 Energy Efficiency Report, analyzes the costs, trends and new technologies of the green building sector. Figure 4 shows the additional costs to build a NZEB compared to an equally new building whose construction has, however, been limited to a minimum compliance with the current legislation on the energy issue. The report distinguishes different climatic zones (classification introduced by the Decree of the President of the Republic No. 412 of 26 August 1993) with different additional costs for the systems and the envelope (insulation). This survey shows a Unit Construction Cost (€/sq.), referred to 2012 and defined on the basis of the work necessary for the energy optimization of a new building located in a seismic risk area and climate zone D (central Italy), variable according to the energy performance of the building as reported in Table 8 ( Figure 5 ). In particular, the expenditure on the insulation is greater than the one for the systems only in the climate zone E and with reference to the office destination. The average cost to be incurred for condominium buildings is between 55 and 70 €/sq., depending on the climatic zones (B or E).
Furthermore, ENEA reports ( Table 7 ) the percentage of additional cost to transform an existing building into NZEB in the context of general renovation work. Besides, in this case the biggest expense always regards the systems and the higher percentages are those related to single-family residences.
Further sources of information regarding the expenses to be incurred to make a building energy-efficient are the engineering companies specializing in sustainable construction. For example, "La Casa Attiva-Società di Ingegneria" [70] carried out a comparative study of construction costs relating to buildings with different energy performances.
This survey shows a Unit Construction Cost (€/sq.), referred to 2012 and defined on the basis of the work necessary for the energy optimization of a new building located in a seismic risk area and climate zone D (central Italy), variable according to the energy performance of the building as reported in Table 8 ( Figure 5 ). Another source of information is the construction costs recorded by the Chamber of Commerce, Industry, Handicraft and Agriculture of Naples and the Building Manufacturers' Association of the Province of Naples in 2014 (Report: "The price list for building typologies of Naples and Province", June 2014). This report contains the summary data of bills of quantities drawn up for the construction of a new building for residential use with different construction solutions that define different final energy performances (Table 9) , and bills of quantity relating to energy retrofitting work carried out on different types of public buildings (Table 10 ). Another source of information is the construction costs recorded by the Chamber of Commerce, Industry, Handicraft and Agriculture of Naples and the Building Manufacturers' Association of the Province of Naples in 2014 (Report: "The price list for building typologies of Naples and Province", June 2014). This report contains the summary data of bills of quantities drawn up for the construction of a new building for residential use with different construction solutions that define different final energy performances (Table 9) , and bills of quantity relating to energy retrofitting work carried out on different types of public buildings (Table 10 ). The collected data show a strong lack of homogeneity. In particular, the values recorded by the Ministry of Economic Development and reported by ENEA are very distant both in percentage and in absolute terms from the cases as reported in Tables 8 and 10 .
In this study, in order to operate with an adequate margin of error, the highest costs among those surveyed were taken as a reference.
In particular, the construction cost of a condominium building (in climate zone D-corresponding to that of the samples analyzed for the estimate of the increase in value) with a class G energy performance, is assumed to be now equal to about 900 €/sq. The additional costs necessary to obtain solutions with better energy performance are those shown in Table 11 ). It is assumed instead that in the redevelopment of the existing residential building the cost to be incurred for the transition from class F to class B involves a unit expenditure of about €/sq. 735.00 (see Table 10 ).
Comparison between Costs and Increase in Market Value
Based on the results of the previous investigations and analysis, Tables 12-14 display the comparison between the financial advantage measured by the increase in market value of the residential unit and the cost necessary to the transition from a lower to a higher energy performance.
The comparison is made for the different case studies and with reference both to the new building and to the retrofitting. The results show that the investment of the building contractor is not convenient for energy redevelopment works on the existing building stock. The economic loss is very high in the central area of Bari and in the municipality of Acri while it is reduced in the suburbs of Bari. However, this type of analysis is limited to the transformation from class F to class B, having not disclosed information about the costs to be incurred for different energy retrofitting.
However, it is convenient to invest in the construction of new buildings with higher energy performance, especially if the energy performance of the building reaches the highest classes (B or A). The convenience in both percentage and absolute terms of the market value of the building is higher if we operate in less-qualified urban contexts, basically the places where the starting prices of the housing units are lower.
Conclusions
This work, through a cost-benefit analysis, measures the economic advantage of investment in energy-efficient building production or transformation with reference to the residential real estate market. Initially, the increase in value of the real estate units is measured, according to the different levels of energy performance as defined by Italian legislation. This measure was carried out in specific urban contexts in southern Italy. By using categorical regression, it is possible to represent the marginal price of the energy performance of a building with a piecewise monotonic function. The latter, in turn, allows which transformations have been rewarded by the market to be identified. Subsequently, the expenditure for energy retrofitting and, in the case of new construction, the increase in expenditure for the achievement of several levels of energy performance were recorded and estimated.
In the cases investigated, the comparison between the possible benefits and the actual investment has shown that the entrepreneur would gains no benefit from the expense of energy retrofitting while obtaining a positive balance in the construction phase of new buildings. The financial advantage grows if the investment is aimed at achieving the best energy performance and in areas where the price level of the real estate market is lower.
The negative results, related to energy retrofitting operations, seem to contrast with what is highlighted by other research [71] .
It is important to point out that this study addresses the issue from the point of view of the building contractor and not from that of the owner. For the latter, the benefits of an energy retrofitting operation are not commensurate with the increase in property value. Rather, they include savings from reduced energy and water consumption, and waste production; lower maintenance operations and costs; and enhanced occupant productivity and health.
Furthermore, in Italy as in other countries there are several tax incentives to encourage owners to invest in retrofitting existing real estate assets, but these incentives, which represent additional benefits, cannot be used by investors, at least not directly.
Indirectly energy-efficient construction in Italy is incentivized through the deduction in income tax equal to 50% VAT paid at the time of purchase of the property, built or refurbished, in class B and A, if sold by a construction company.
The finding can be used as a guide for construction industry investors to make decisions about their investments in building production or transformation.
